Altered expression of methylenetetrahydrofolate reductase modifies response to methotrexate in mice.
Folates provide one-carbon units for nucleotide synthesis and methylation reactions. A common polymorphism (677C-->T) in methylenetetrahydrofolate reductase (MTHFR) encodes an enzyme with reduced activity. Response to the antifolate methotrexate (MTX) may be modified in 677TT individuals because MTHFR converts nonmethylated folates, used for thymidine and purine synthesis, to 5-methyltetrahydrofolate, used in homocysteine remethylation to methionine. To study potential interactions between MTHFR activity and MTX, we examined the impact of decreased and increased MTHFR expression on MTX response in mice. Mthfr-deficient (Mthfr and Mthfr) and wild-type (Mthfr) mice were injected with MTX or saline and assessed for hematological parameters (hematocrit, hemoglobin, red, and white blood cell numbers), plasma homocysteine, nephrotoxicity, hepatotoxicity, and splenic 2'-deoxyuridine 5'-triphosphate/2'-deoxythymidine 5'-triphosphate ratios. MTHFR-overexpressing transgenic mice (MTHFR-Tg) were generated, metabolites and folate distributions were measured, and response to MTX was assessed. MTX-treated Mthfr and Mthfr mice displayed hyperhomocysteinemia and decreased hematocrit, hemoglobin, and red blood cell numbers compared with wild-type animals. Mthfr mice also showed increased nephrotoxicity and hepatotoxicity. MTHFR-Tg mice were generated and confirmed to have increased levels of MTHFR with altered distributions of folate and thiols in a tissue-specific manner. After MTX treatment, MTHFR-Tg mice exhibited the same decreases in hematological parameters as Mthfr-deficient mice, and significantly decreased thymidine synthesis (higher 2'-deoxyuridine 5'-triphosphate/2'-deoxythymidine 5'-triphosphate ratios) compared with wild-type mice, but they were protected from MTX-induced hyperhomocysteinemia. Underexpression and overexpression of Mthfr/MTHFR increase MTX-induced myelosuppression but have distinct effects on plasma homocysteine and nephrotoxicity. Pharmacogenetic analysis of polymorphisms in folate-dependent enzymes may be useful in optimization of MTX therapy.